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Abstract 
We derived the height profiles of atmospheric water vapor, during nocturnal time periods, using the Inda-Japanese 
Lidar system augmented with Raman capability in addition to existing elastic mode of observation on experimental basis 
for a period of five months between January and October 2003. The derived height profiles of water vapor are corrected 
for aerosol and molecular transmission. During night time, the profile extends typically up to 10 km ASL with a vertical 
resolution of 300 m and an integration time of 15 minutes. Statistical error is typically within 5% up to 6 km of altitude 
and stays within 10% in 6-10 km altitude range. The height profiles of water vapor mixing ratio profiles are compared 
using simultaneous GPS radiosonde data. A good comparison between the lidar and radiosonde derived mixing ratio 
profiles were observed in the height range of observation. 
Keywords: Water vapor, Raman lidar, GPS Radiosonde 
1. Introduction 
Water vapor 1s a very important molecular species in 
the atmosphere. Although it is located primarily in the 
troposphere, its distribution is highly variable in both 
time and position. Its measurement is important for the 
following three main reasons [ 1].
1. The knowledge of the atmospheric water vapor 
distribution is essential for achieving a ful 
understanding of the Earth's water cycle. Water vapor is 
one of the most dynamic and variable gases in the 
atmosphere, with its total content ranging from nearly 
0% to 4% of the total volume of the atmospheric 
column, depending on time and location [2]. The 
amount of water vapor averages about one per cent by 
volume in the atmosphere and its distribution in time 
and space is highly variable: it comprises about 4 
percent of the atmosphere by volume near the surface, 
but only 3-6 ppmv (parts per million by volume) above 
10 to 12 km. Nearly 50% of the total atmospheric water 
is trapped in the planetary boundary layer (PBL, from 0 
to 1-5 km) while less than 6 % of the water is above 5 
km. 
2. Water vapor is the predominant greenhouse gas and 
plays a major role in the global climate system. It is 
known fact that the atmospheric water vapor is one of 
the most active absorbers of infrared (IR) radiation and 
hence considered as the most important greenhouse gas 
in the atmosphere [3] 
3. Water vapor distribution has a direct impact on some 
natural disasters, such as cyclones. Water vapor has 
been found to be the main energy source for cyclones 
and water vapor measurement can aid in estimating 
cyclone strength and direction [ 4].Moreover, at any 
given location in the atmosphere, the water vapor 
content can vary markedly in a relatively short time 
span, owing to the passage of cold or warm fronts, 
precipitation etc. Because of the critical role that water 
vapor plays in most atmospheric processes, accurate 
water vapor profiles are needed in atmospheric 
modeling applications. Water vapor profiles are also 
needed for basic meteorology applications (i.e. the 
identification and study of frontal boundaries, dry lines 
etc.,), boundary layer studies (such as cloud 
formation/dissipation), development of climatological 
records, and for radiative transfer calculations (aerosol 
research). 
2. Theory 
The chemical property of water vapor of 
condensation on different types of aerosols found in the 
atmosphere is changing the chemical composition, 
shape and size of these particles, and at the same time it 
affects their optical properties and the direct radiative 
forcing. One of the methods of monitoring the water 
vapor mixing ratio in the atmosphere is by using a 
Raman lidar which is based on the Raman Effect. When 
a substance is subjected to an incident exciting 
wavelength, it exhibits the Raman Effect. It reemits 
secondary light at wavelengths that are shifted from the 
incident radiation. The magnitude of the shift is unique 
to the scattering molecule, while the intensity of the 
Raman band is proportional to the molecular number 
density [5]. The water vapor Raman lidar technique 
uses the ratio of rotational-vibrational Raman scattering 
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intensities from water vapor and nitrogen molecules, 
which is a direct measurement of the atmospheric water 
vapor mixing ratio. The water vapor and nitrogen 
Raman signals are given by equation 1 
Ks(えR,z) ![dび (JL,AR,z)凡 (z)= nR(z) * 
z d.Q 
* exp [ -r (a,,(z) + a,, (z)) dz] +虹 (z) (I) 
凡 is the detected Raman lidar backscatter si~nal 
corresponding to nitrogen and water vapor, Ks 1s a 
system function that is dependent on the optical 
transmission and detector efficiency, the overlap 
function and the area of the collector mirror of the 
telescope, nR is the number density of Raman active 
molecule, ![ dび（心心， z) is the differential Raman 
dQ 
backscatter cross-section, a isthe extinction coefficient 
and b isthe background (noise) signal. 
By taking the ratio of the two signals one can obtain the 
water vapor mixing ratio profile in equation 2. ;N゜(~:{::~。[口I:,ol;  * q,o(z) :::~o (2) 
where T isthe transmission for the two wavelengths 
through the atmosphere and M represents the mass of 
water vapor m atmosphere and dry air P 凡O and P N2 
are the water vapor and nitrogen Raman signals. The 
water vapor profile may be retrieved as expressed in 
equation 3. 
do-q凡o(z)~KN, (面[五'---M凡0凸 (3)
k凡0 (!~〕凡0 TH, 。 MN,。 P凡
where q isthe water vapor mixing ratio in [g/Kg dry 
air] or in [ppmv]. 
p q凡0(z)=C*r*[;少
where r = t,;~] and C is the :~li!ration function 
Hence (4) 
Its main limitation is the relatively small backscatter 
Raman cross-sections, that result in weak Raman 
signals compared with the elastic backscatters. As 
mentioned above one might observe that the method 
requires the use of a calibration constant towards the 
retrievals. 
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dCY 
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k几a(竺］叫o
dO H少
(5) 
There have been many calibration techniques proposed 
and used along time [ 6-9]. Many methods suggest an 
approximate external calibration, a one point in situ 
value, is the method proposed in this paper 
3. Indo-Japanese Lidar (IJL) system description 
IJL system is a monostatic system that contains a 
Continuum Nd:Y AG laser model PL8020 with 20 Hz 
repetition rate of operation. The performances and 
technical specifications of the transmitter and receiver 
along with a schematic of the lidar system are described 
in detail in Ref. IO. The receive system configuration is 
modified to obtain Raman signals .A schematic of the 
modified receiver configuration is presented in figure 1. 
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Fig. 1. Modified optical set-up of the receiver 
The data acquisition is performed using MCS-plus pc 
based data acquisition cards working at 100 MHz 
sampling rate in photon counting mode and a 
discriminator which detects voltage pulses above a 
selected threshold in the range o~10 m V. Typically an 
acquisition file contains 5000 shots averaged for each 
wavelength in photon counting mode of 1024 bins. This 
corresponds to a spatial resolution of 300 m at a time 
resolution of 250 sec. Water vapor and nitrogen profile 
measurements are thus performed and the obtained 
profiles are presented in Figure 2. By combining the 
two profiles one can retrieve the relative humidity or 
water vapor mixing ratio in the lower troposphere. 
3.1 Typical profiles 
The typical lidar returns correspond to Nitrogen 
Raman at 607 nm and water vapor Raman at 660 nm 
are plotted in fig. 2. The signals are averaged over 30 
minute time interval. 
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Fig. 2 Simultaneously obtained typical height profiles 
of Nitrogen and water vapor Raman profiles over 
Gadanki site on the night of 10 June, 2003. 
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3.2 Raman differential cross-section values 
The accuracy of m1xmg ratio depends upon the 
differential backscattering cross-section values of trace 
traces. Table 3 .1 shows the computed differential 
Raman backscatter cross section values of Nitrogen and 
Water vapor used in the derivation of water vapor 
mixing ratio. Published literature derived Raman 
backscatter cross-section values are shown in brackets 
[11]. 
Table 3.1 Comparison of theoretical and experimental 
values of Differential backscatter cross-section values 
of atmospheric Nitrogen and water vapor 
simultaneously obtained with the Raman signal returns. 
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Fig. 3 Derived water vapor mixing ratio profiles 
observed on 11 April and 29 may 2003. Horizontal bars 
over the curve shows the standard error in the derived 
water vapor mixing ratio 
The typical height profiles of derived water vapor 
mixing ratio is shown in Figure 3 a and b. Figure 3(a) 
shows water vapor mixing ratio obtained on 11 April 
2003, where as 3(b) indicates water vapor mixing ratio 
obtained on 29 May 2003. 
Wavelength N2 Raman H20 Raman 
backscattering backscattering 
Cross-section Cross-section 
(cmり (cmり
3.93X10 —31 l.101Xl0 —30 
532nm 
(5.642X10 —31) (l.26X 1 o-3o) 
4. Water vapor mixing ratio measurements 
The height profiles of water vapor mixing ratio is 
obtained on several days during clear sky nocturnal 
conditions. The mixing ratio profiles are corrected for 
aerosol profiles using the 532 nm elastic signal 
Fig. 4 Temporal variation of water vapor mixing ratio 
observed on 11 April 2003. 
4.1 Raman Lidar signal and radiosondes 
calibration method 
The widely used method of water vapor calibration is 
using the lidar returns and the radiosonde data alone as 
main sources for correction is presented in the diagram 
in figure 5. The assumptions are that the parcels of air 
over both the radiosonde and the lidar location have 
similar meteorological characteristics at the times of 
data collection. The simplicity of the method consists in 
choosing a spatial range in the lidar data with very low 
noise where there are at least 2 or 3 radiosonds readings. 
based 
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Fig. 5 Block diagram representing the combination of 
three sources of data in the attempt of calibration 
constant retrieval 
By taking the ratio of the water vapor mixing ratio 
indicated by the radiosondes over the range and the 
lidar ratio of the 660 nm and 607 nm channels one can 
obtain the calibration constant. The retrieved relative 
humidity from the calibrated signal by use of this 
technique described above is plotted in fig 6. 
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Fig. 6 Relative humidity measured by IJL lidar on 
October 31, 2003 
5. Conclusions 
The lidar data in Raman mode data was analyzed 
over cloud free days and validation of the retrievals is 
achievedｷby comparing the water vapor mixing ratio 
measurements using the vertical profiles of the mixing 
ratios measured by the GPS sondes at Gadanki site, 
India. The conclusion of this study is that has to be 
studied in more detailed way of calibrating lidar data by 
use of more radiosonde launches due to the high 
horizontal variability of the water vapor in the 
atmosphere that can lead to big discrepancies in 
estimations. The future work planned of incorporating 
this predictive data into the retrieval algorithms and 
statistical analyses should confirm the accuracy of the 
technique and provide the system with a mean 
calibration constant that can be used for the times when 
the complementary data sources are not available. 
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